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ABETRACT

The natural reproduction of Arctice grayling, cutthroat trout,
raiphow trout and rainbow trout-cuithroat trout hybrids iIn the inlets
of Elk Lake was studied during the spring and summer of 1972 and 1973.
Grayling, cutthroat, rainbow and hybrid trout ram in Narrows Creek,
while only grayling used Limestone Creek. In Narrvows Creek fLrout runs
starced May 10, 1972 and May 17, 1973, coinciding with the disap-
pearance of ice from thes lake and increased stream flows. Grayling
runs started 7 and 10 dayvs later, respectively, during the iwo vears
of the study. Total number of spawners entering Narrows Creek im 1972
and 1973 were 520 and 459, respectively. Sixty-four percent of the
grayling, 31 percent of the cutthroat trout, 26 percent of the hybrid
vrout and 30 percent of the rainbow trout tagged during the 1372
spawning run returned to spawn in 1973. The average fecundity of
grayling and cutthroat trout sampled was 8,170 and 1,954 eggs per
female, respectively. Fry emigrations started in late June each year
with the grayling fry preceding trout fry by 12 days. A total of 75.6
percent of the grayling fry and 94.5 percent of the trout fry emigrated
downstream between 8:00 p.m. and 8:00 a.m. A total of 618 and 2,082
grayling fry emiprated from Narrows Creek in 1972 and 1973, representing
a spawning efficiency of 0.04 and 0.12 perceant, vespectively. Trout
fry production was 7,502 and 2,484 fish in 1972 and 1973, representing
2 spawning efficiency of 2.5 and 1.2 percent. An estimated 2,737 and
2,432 trout fry also remained in Narrows Creek after the emigration
periods in 1972 and 1972, respectively. A total of 196 grayling
migrated upstream in Limestone Creek im 1973; however, nc fry were
sroduced in the stream. The amount of water flow in the inlers and
substrate conditlons were considered important factors in controlling
fry production.



INTRODUCTION

The Montana Fish and Game Department is attempting to manage
populations of game fish on a self-sustaining basis where possible.
Although both Arctic grayling (Thymallus arcticus) and cutthroat
trout {Salmo clarki) spawn in the two inlets to Elk Lake, their
contribution of f£ish to the harvest seems to be limited. Local
fishermen have described fishing as "good" only after the planting
of "catchable"” sized trout. In 1971 the Montana Fish and Game
Department began a series of investigaticns to, in part, provide
information on how to increase the recruitment of wild fish to the
fighery.

This study was part of the overall study and was designed to
determine the size and composition of the spawning runs in Narrows
and Limestone Creeks and to evaluate the resulting production of
emigrating fry. This study was pursued during the spring and summer

of 1972 and 1973.



DESCRIPTION OF BTULY ARBA

Blk Lake is located in southwsstern Montans spproxisately 40 air

kilometers west of the town of West Yellowstone In the Beaverhesad

i
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National Forest, Beaverhead County. It is situated dn ths northwes
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lake lies in an elongate basin at an elevation of 2,035 met
flanked by steep hills bearing sagebrush-grassland vegetation on the
west and conifers on tha east.

The lake has a maxivun depth of 21.3 meters and a surface arez o
115 hectares (Figure 1}. It is moderately eutrophic, having dissolve
pxyvgen levels of less than 1.5 p.p.m. below 1l meters during July and
August of 1972 and 1973. Additlonal characteriscics of the lake are
given in Table 1.

Narrows and Limestone (reeks are the main tributaries of Elk
Lake. The Narrows Creek drainage iz 5.6 kilometers lopg acd contalns
a pond lying 1.1 kilometers above the mouth of the stveam (Figure 1).
Springs approximately (.8 kilometers above the pond provide most of
the flow, with the stream becoming intermittent sbove the springs.
Flows near the mouth of the creek varied from & high of zbout 3.0 m°/
min, during May to 0.3 n¥/min. duving August. A rasort providing

lodging for fishermen and hunters is located mear the mouth of the

creak.
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Figure 1. Map of Elk Lake and its tributaries.
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TABLE 1. MEASUREMENTS (OF SELECTED PHYSICAL AND CHEMICAL PROPERTIES OF
FLE LAXKE AND ITS INLETS DURING THE SUMMERS OF 1872 AND 1973.
Eik Lake Narrows Creaek Limestone Creek
Range Range Range
Property {average) {zverage) {average)
oB 7.23-8.60 7.26~7.58 7.85-8.04
Conductivity 175-230 84115 230-260
{micromhos) {203) {96} {243}
Total Hardness 73.0-85.4 20.0-32.0 i30.0-115.8
{as ppm CaCS3} {79.9) {26.8) {113.6)
Total Alkalinity 120.0-204 40,0-73.4 155.0-229.8
{as ppm Callq) (175.3} {55.8) {204.1)
Water Temperatures {(°C) 6.2-15.4 5.0-20.6 2,8-20.0
Surface (maximum) 15.3) {18.23 (14,8}
Water Temperatures (°C) 3.6-7 2% 2.8-14.4 g.6-11.1
Surface {minimum) 5.0} {(G,4) (6.1

#
At lake botiom.

The Limestone Creek drainage is approximately 4.8 kilometers long,

with flows being maintained by springs 2.0 kilometers frown the lake.

Flows nesr the lake varied from about 3.4 m%/min. during May to 0.3 =%/
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min. during July and Asgust. The calculated values

properties of Limestone (resk were considerably higher than

Narrows Cresk {(Table 1).
Several species of fish sre present in Elk Lake and its tuibu-
taries, Cutthroat trout have bean stocked in the lake annually sioce
1954, Rainbow trout (Sailme gairdneri) were last stocked in 1930; how-
Raeinbow

ever, a small naturally veproducing population still sxists.
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rrout-cutihroat trout hybrids are produced in Narrows Creek and found
in the lake. BSmall numbers of rainbow tyout, cutthroat trout and rain-
bow trout-cutthroat trout hybrids are resident in the pond on Warrows
Creek. Lake trout (Sglvelinus namaycush) are probably indigenous to
Elk Lake (Vincent, 1963). However, the present stock may not be the
indigenous strain because of hatchery plants made in the area during
the 1890°s. Arctic grayling were native to most of the lakes and
streams of the wvalley but disappeared from Elk Lake arcund 1530
{Nelson, 1954). Hatchery plants in 1954, 1955 and 1957 reestablished
the species in the lake. The white sucker (Cutostomus commersoni),
burbot (Lota lotg) and mottled sculpin (Cottus bairdi) are also native
to the area and present in the lake. Other species of fish present imn
the area have been prevented from entering the lake since the mid-
1950's when a coarse rock and gravel barrier was placed across the

cutlet.
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examined to determine if they had spawned, and all cutthroat rrour were
inspected for hatchery marks.

Jvaries were taken from small numbers of gravling., cutthroat trout
and rainbow trout-cutthroat trout hybrids captured on spawning runs
during both vears of the study and preserved in 10 percent formalin.
The number of mature eggs in each fish was estimated by weighing the
entire egg mass, taking about a 10 percent subsample by welght and
counting the number of eggs in the subsample. The total number of
mature eggs in the fish was then estimated by proportion. Egg re~
tentlion was estimated by counting retained eggs stripped from live
spent females.

A frv trap was placed about 6 meters downstream from the adult
trap on Narrows Creek and operated from June 15 to September 13, 1972
and from June 23 to September 13, 1973. It consisted of 3 0.5 1 2.1
meters shute channeling one-third of the stream flow dnto each of three
0.3 2 0.5 x 0.9 neter boxes screened with twenty-mesh plastic door
screen. Lhig trap was checked at 8:00 2.m., 12:30 p.m. and 8:00 p.m,
daily. All frv and fingerlings captured were counted and released
below the trap. Fry were only identified as either grayling or trout,
but fingerlings were identified to species. The total lengths of
samples of fry and fingerlings were taken throughout the emigration
period.

Fry traps were maintained in Limestone Creek from June 27 to July
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22, 1972 apd from June 25 teo July 23, 1573. During 1972 the trap used
had a single 0.3 x 0.6 % 0.6 meter box. The trap used in 1973 had =
3.3 % 0.6 x 1.2 meter box. Both boxes were enclosed with twenty-mesh
plastic door screen. Fry captured were ddentified, counted and re-
leased downstream f£rom the traps.

A one-way trap measuring 0.9 x 1.2 meters and coversd with galva-
nized hardware screen having a 0.953 centimeter mesh was placed
immediately below the pond on Narrows Creek and cperated from May 16 to
September 11, 1973. 7This trap was designed to capture fingerlings and
advanced fry meoving downstream from the pond. Fish captured ip this
trap were measured, identified to species when possible, and released
into Elk Lake.

During the first week of October each yvear, estimates were made of
the number of trout fry remaining in Narrows Creek from below the pond
to its meouth. This portion of the stream was divided into rhree
sections of equal length with approximately 33 meters being electro-
figshed in =ach section. The fry captured were £in clipped and released,
& Peterson estimste was calculated for each subsection following the
recapture run. The subsection estimates were combined and the average
expanded by proportion to the entire 1.1 kilomerers of streanm lengith.

From mid-May to nmid-September of 1872 and 1973, the dally teumpera-
ture variations of Narrows and Limestone Creek wers measured with

Taylor maximum-minimum thermometers placed near the mouths of the
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streams. Rates of flow were caleculated for Narrows Creek in 1972 and
both streams in 1973 using siream velocities devermined by the "float
method". Tetal hardness, total alkalinity and pH measurements wars made
on water samples using the HACH Model DR-~EL Field Kit; and conductivity
measurements were taken with a Beckman Solu Bridge. The depths of

loose gravel at 18 spawning sites in Narvows Crsek below the pond were

measured.



RESULTS

Spawning Migrations
Timing of Marrows Creek Rums

Spawning runs started on May 10 in 1872 and on May 17 in 1973,
coinciding with the disappearance of ice from the lake. Rainbow trout
and rainbow trout-cutthreoat trout hyvbrids dominated the early part of
each run with their numbers peaking on May 14, 1972 and May 17, 1973,
Cutthreat trout oubtnumbered the rainbow and hybrid trout in the runs
after the first four days each year with their peak numbers occurring
on May 20 and May 27, in 1972 and 1973, respectively. Grayling runs
started 7 and 10 days later than the rainbow and hybrid rums during
the twe vears of this study, respectively. These findings contrast
with Brown (1938), who stated grayling often rusn in advance of rainbow
and cutthroat frout. However, Kruse {(195%9) reported rainbow trout-
cutthroat trout hybrids run one to three weeks prior to grayling in
Grebe Lake, Yellowstone National Park.

Rainbow, cutthroat and hybrid froub started thelr upstreanm
migrations (Figure 2} as stream flows increased from spring runoif.
Snyder and Tanner {(1960) and Sumner {1952) have reported a similar
response by cutthreat trout to increased flows. Orayling began their
runs on declining stream flows when daily lake and stream temperatures
averaged approximately 7°C. During 1973 the surface temperature of the

lzke and the average stream temperature were near 10° and above 7°C,
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wn§ G
vespectivaly, when upstream grayling movement peaked (Figure 3}.
Kruse {19539} found upstream grayling movements wevs hesviest when lake
remperarures were above 7°C, and Peterman {1%72) and Trvon (1947) found
mest gravling migrated upstreanm when stream Uenpevatures were between
7-107¢C,

Daily average stream tempevatures during all upstresn migravions
ranged from 4.4° to 14.4°C (Figure 3). Trout spawning runs ccourred
over this entire temperature range and did not show the sharp peaks of
migration exhibited by the grayling. However, during the spawning
seascon the upstream movements of both trout and grayling were usually
inhibited by zharply lower average daily streanm temperatures and
accelerated by sharply higher temperatures (Figure 3J.

Both grayling and trout moved upstream during the day and night.
During the study 60 percent of the trout and 66 perceny of the graviing
enterad Narrows Creek betwsen 2:30 a.m. and 6:30 pom. In 1973, 54 per-

the rroutb

iy

cent of the grayling and 57 percent of

between 1:00 and 6:30 p.m.

Characteristics of Narrows Cresk Buns

The numbers of fish caught om spawning zuns dn 1%72 zna 1973 are
pregented In Tables Z and 3, vespectively, by sex, with lengths and
post-spawning weights. The total number of fish in the 1972 run was
about 12 percent larger than in the 1973 yun, and the sverage rotal

length and weight of fish in 1972 was 1.0 centimeter and 0.05 kilograms
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TABLE Z. NUMBERS, TOTAL LERGTHS AND POST-5P4AW iy FIBH,
BY SPECIES ARD SEX, CAPTURED ON THE ¢ IN HARROWS
CREEKR, 1897Z. B
Total Length{cm) Welght {kg)
Number Bange Humbey Rangs
Spacies Sex  Caught Measured {average ) Weighed {average}
Grayliing
female 203 1%4 29.7-45.0 157 0.25-0.73
{38.9) {0.51)
male 25 53 29.5-47.0 93 0.21~0,85
R T S 0.56)
Total (average) 248 287 {3443 250 {3,533

Cutthroat rouf--

unmarked®
female 549 54 34.53-50.3 30 3.45-1.14
[43.23 {0.81)
male 20 ig 38.1-48.8 17 3.65-1.11
e e IRCETS) 0.88)
Total {(averagsa) 70 &4 {43.4) 47 £0.833
Cutthroat trout——
marked (hstchery)
female &2 59 34.0-49.3 34 .46-1.12
{63.43 {G.85)
male 35 34 35.3-48.5 34 .56~-1.27
o o {44.23 {0.87)
Total {averags} 97 93 {43.73 73 {0.86)
Bainbow—-cutthroat
trout hybrids
female 21 21 40.9~54.4 21 {3, 54-1.50
(48,53 £1.08)
male 14 i4 30,7521 R $.35-1.38
e — _L46.5) 1.02)
Total (average) 25 35 (47,8 35 {1.08)
Rainhow trxout
famale i3 i3 33.5-53.8 13 (1. 54~1.46
{64.,23 {0,855
male 7 7 27 4-47.2 7 J.21=-0.%1
N — IR o E0-33)
Total {average) 20 20 (51.%3 it {1.733
Grand Total {ave.) 520 5035 (41,233 525 {0.67)

# \ . g
Includes both wild and ummarked hatchevy fish.



o] F

TARBLE 3. NUMBERS, TOTAL LENGTHS AND POSY-5FAW OF FISBH,
BY BSPECIES AND BEE, CAPTURED ON THE | N HAHRRGOWS
CREEK, 1973.
Total Length{cm) Waight {kg)
Number Range dumbex Range
Species Sex Caught Measured {averages) Welighe {average)
Grayiing
female 185 185 29.7-43.9 1i1 (.23~0.66
(37.8) (0.48)
male 117 1317 AD.5-45.7 #5 0.25-0.72
o 38,67 _ (.48}
Total {averags) 31z 312 {38.1) 196 {0.48)
Cutthroat troute-
unmarked®
female 28 28 38.1-50.0 13 0.63-1.12
(44,57 {01, 843
male 13 13 1.7-57.2 5 0.70-1.54
o (47,23 o {0,893
Total (averags) 41 4% {45,5) 37 {G.85)
Cutthroat trout--—
marked {(hatchary)
female 3l 31 36.3-50.3 25 {1.58~1.14
{44.7) G.78)
male 20 20 3B.6-49.0 i9 0.57-1.05
o {(43.4; B (0.79%
Total {average) 51 51 (44,25 48 {0.79)
Rainbow-cutthroat
trout hybrids
female 24 25 3%,.9-54.9 23 .54 .44
(45,3 {0.95)
male is 18 3G.0-54.4 it 4,26-1.29
— S i&;&ézww — o i@;;ﬁg } o
Total (average) 40 39 {45.5) 38 {0.87)
Bainbow trout
female 13 1E G.48-1.18
{G.79
male Z 2 i (.41-0.59
e __€0.50)
Total (average) 15 15 13 {0,743
Grand Total {ave.)} 459 458 {(4G.3y 428 {0.62)

% 5 - . P
Includes both wild and uomarked hatchery Tish.



~16—
greater, respectively, than in 1873,
SETCEAL

In 1972 and 1872 gravyliing made up 57 and &8 respectively,

o

of all sdults moving uwpstream. Grayliing comprised a greater propertion
of the 1973 run because 14 wore gravling and 61 fewer of other species
ran in 1973 than in 1972.

Gravling females outnumbered males in the runs by a ratio of Z.1:
1.0 and 1.7:1.0 4in 1972 and 1873, respectivsly. Females, howsver, may
not cutnumber males in the population. Petermen {1972) found & female
to male ratic of 2.9:1.0 for gravling spawning in the primary inlet of
Lake Agnes. However, he found a significantly lower ratio of females
to males in the lake. Hs attributed tﬁa diffarence betwesn ratios
obtained in the stream and the lake to antagonistic behavior between
males at the mouth of the inlet which may have preventsd some of them
from entering the stream. In this study grayvling were alsc noted to
congregate at the mouth of Narvows Creek before wmoving upstream, but
interaction between males could not be obsevved because of the high
turbidity of the watsr.

The average total length and weight of grayling in the runs
declined by 1.3 centimeters and 0.05 kilograms from 1577 to 1873,
respectively. Males were 1.5 centimeters shorter and (.08 kilograms
lighter, and females were 1.0 centimeter shorter and (.04 kilograms

lighter in 1973 than in 1972. During each year the average total

length of males was greater than females.
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Cutthroat trout made up the second largest component of each run.
They accounted for 32 and 20 percent of the vuns im 1972 and 1973,
reapectively, and declined by 75 fish the second vear.

Cutthroat tyout females ocutnumbered males by a ratio of 2.0:1.0
in 1977 and 1.8:1.0 in 1973. Snyder and Tanner (1%60) and Sumner
{1952) have also reported more femsles than males in runs. Snyder and
Tanner {(1960) have suggested male cutthreat may be more vulnerable to
fishing pressure during the spawniog season, thus producing more fe-
males im the rum. During this study, fishing near the mouth of Narrows
Creek during the spawning season produced a higher percentage of male
cutthroat trout.

The total length of all cutthroat trout in the runs increased 1.0
centimeter from 1272 to 1973, while the average weight decreased by
0.04 kilograms. Males were 0.8 centimeters longer but weighed 0.03
kilograms less in 1973 than in 1972. During 1873 females were 1.3
centimeters longer and (.03 kilograms lighter than in the 1972 run.

S8ince 1967, a percentage of the cutthroat trout plants in Elk
Lake have been fin clipped (Table 4) so their returns to the creel
could be evaluated. MHarked cutthroat trout made up 58 and 535 percent
of the cutthreat trout runs into Narrows Creek dn 1972 and 1973,
vespactively (Tables 2 and 3).

Selected characteristics of marked cutthreoat trout caught in the

rung are shown in Takle 5. The 1969 plant of subcatchables dominated
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TABLE 4. NUMBERS, LENGTHS AND MARKS OF THE CUTTHROAT TROUT STCCKED IR
ELK LAKE FROM 1967 THROUGH 1873.

Datre Average Total
of Number Percent Length When Mark
Plant Planted Marked Planced (cm) {(Fin Clip)
6/7/67 1,000 E 15.2 -
10/9/67 4,000 40.90 12.7 Left pelvic
6/21/68 5,736 36.9 22.9 Adipose
9/12/68 12,000 33.3 11.7 Left pectoral
6/23/69 5,015 100.0 24.1 Adipose and right
pelvic
10/7/69 6,006 g i2.7 —
16/5/70 19,998 10.4 6.2 Right pelvic
16/5/70 10,0605 20.6 12.7 Adipose
7721771 20,063 160.0 10.2 Left pelvic
9/6/72 26,020 106.0 i0.2 Right pectoral
6/13/73 1,125 100.0 25.4 Adipose
6/13/73 6,858 100.0 17.8 Adipose and right
pectoral

TABLE 5. SELECTED CHARACTERISTICS OF MARKED HATCHERY CUTTHROAT TROUT
ENTERING NARROWS CREEK DURING 1972 AND 1973,

Age Total Length{cm)
Yesar When Age During Number Percent Range
Planted Planted Spawning Run in Run of Run {averags)
1872
1968 O & ié 17.8 43.4-49.3
(46.5)
1969 I+ 4 &9 75.8 35.3~-48.3
{43.2)
19706 o+ 2 & 6.6 34.0-44.7
_ (41.1)
Total 51 0.0
1973
1968 O+ 5 6 11.8 43.2-50.3
{47.8)
1969 1+ 5 27 52.9 36.1-48.8
(43.93
137G O+ 3 iz 23.5 39.4~-46.7
{44.2)
1971 O+ 2 & 11.8 30.4-45.2
{41.4)

Toral 51 160.0
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marked cutthroat trout runs during 1972 and 1%73; however, thelr
number and percentage decvessed In 1573, The decline of the 1968 and
1969 plants and the absence of four year old hatchery fish in the 1973
run {Table 5) may asccount for the lower numbers of cutthroat migratiog
in 1973.

Unmarked cutthroat trout consisted of wild trour apd hatchery fish
which were not marked during the vears 1967-1970 (Table 4). This group
made up 42 and 45 percent of the cutthroat trout runs in 1972 and 1873,
respectively. However, thelr numbers decraased by 29 fish beiwsen the
two vears {(Tables Z and 3). The decrease in the number of unmarked
cutthroat trout was proportlonal to the dsacrease in marked hatchery
fish and was probably due to the decline of unmarked hatchery cutthroat
trout planted in 1968 and 1969 (Table 4).

Although the number of hybrid trout in the run increased by 13
percent from 1972 to 1973 and the numbsr of rainbow trout decreased by
25 percent, their combined numbers remained constant over the WO y8ars.
Since rainbow trout are not presently stocksd, their numbars should
continue to decrease in future vears.

The average time migrating adults spent In Narrows (reek was
eetimated by the following procedure. Fish entering and isaving the
stream were counted dailv. One fish remaining in the stream for one
day constituted ome fish-day. Total fish-days divided by total number

of fish was used to give an estimate of the average length of time a
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fish staved in the stream. During both yesrs males stayed longer in

Narrows Creek than femzles {Tzble £}, Males may have made up for their

TABLE 6. ESTIMATED AVERAGE NUMBER OF DAYS SPENT IN NARROWS CREEK BY
MALE AND FEMALE CUTTHROAT TROUT AND ARCTIC GRAYLING.

Average 5tay in Stream {Davs)

Species Year Males Females
Arctic grayling 1972 14.3 il.7
1973 i0.8 8.5
Average 1Z2.6 ig.1
Cutthroat trout 1972 14.8 iG.2
1973 20.6 iG.8
Average i7.7 10.5

iack of numbers by staying longer and mating with more than one female.
Smith (1941} found male cutthroat trout readily spawned with more than
one femazle.

Mortaifty of adult fish occcurred while they were inm Harrows Creek
en their spawning runs. Grayling losses accounted for 3.7 and 29.8
percent of the total upstream migration in 1972 and 1973, respectively.
Trout losses were 3.2 percent in 1972 and B.8 psrcent in 1973, Some of
the Fish sesemed te die from exhaustion sach vear. However, in 1873 a
lower stream flow allowed an incresse iz predation Lo coour.

A total of 183 {64 percent) grayling, 50 (31 percent) cutthroat
trout, 9 (26 percent) hybrid trout and 6 (30 percent) raimbow trout
tagged during the spawning vun in 1972 returned again in 1973. An

associated creel census on Elk Lake revealed an estimated 46 percent of
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the cutthroat trout tagged on the spawning run in 1972 were taken by

A

fishermen during that summer. An additional 11 percent were caught by
fishermen in May of 1973 before and during the spawning run. Only an
estimated five percent of the ragged grayling were taken by fishermen

between the 1972 and 1973 spawning runs, with the remaining loss

probably dus fo natural morralilty.

Timing of Limestone Creek Runs

No spawners wers trapped here in 1972. However, adult grayling,
the only species found using the stream, were sseen in the stream from
May 31 to Jume 11, 1972 with a maximum of 31 fish being counted on
June 4. In 1973 upsiream migrations occurred frow June 2 to June 14,
with the peak movement taking place on June 4 when the average streanm
temperature was 7.2°C and the surface lake temperaturs was 9.7°C
{Figure 4). The upstream movement in Limestone Cresk during 1973
started 6 days later than the Narrows Creek grayling run. The delay
may have been caused by the lower avarags siresw tempeyaiures found in
this streanm.

Male and female grayling averaged less than one day in this strean.
These grayling exhibited s daily movement into and out of the srream
gimilar to those found by Bishop (1971) and Tryon {1947). WMost of the
fish enteved the inlet during the afterncon when water temperatures
were maximum and then attempted to leave again in the evening szs water

temperatures decreased. Only a few females were able to complete
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Figure 4. Daily upstream movement of grayling into lLimestone Creek,
with corresponding average daily stream tempszratures and
surface temperatures of Elk Lake in 1873,
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spawning In the srream. This may have bheen caused by trapplng opex-
7 3 PE ¥

ations which delayed filsh from moviog up

temperatures were sultable.

i)

Chararteristice of Limestone Creek Hun

The numbser of gravling caught on the spawning Tun 73 is pre-

TABLE 7. NUMBERS, TOTAL LENGIHS AND WEIGHTS OF GRAVLING, BY SEX
CAPTURED ON THE a?ﬁ@%iﬁ% RUN IN LIMESTONE CREEK IN 13

Total Lengthicm)}

Number Range Humber
Speciss Sex Counted Measured {gveraga) Walghed
Are
gravliing
femals 102 102 2%.7-43.4 1480 G.25-0.83
(36,1} {0.49;
male 94 94 5% 2~50.0 g3 0,260,649
{36.13% {0,463)
.,_.,_..,__.,MM‘*’ p
Total (average) 196 196 (36,1} 153 £0.46)
Grayling females outnumberad males by a vatio of
Cresk.

The sverage length of grayling in this run was 2.0

rhan that found for the Narrows Cresk yvun during I

was a higher proportion

vear, Only three adult
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Age and Growth

&sge and growth determinations were made from scales taken primarily
from grayling and trout captured on spawning runs during 1972 and 1973,
Back calculatione of growth were made on projected scales assuming g
linear relationship betwsen body length and anterior scale radius with
the intercept at gzero.

Scales were taken from about B7 percent of the grayling rumning in
1972 and 1973. In Narrows Creek grayling in age groups IV and V domi-
nated the run in 1972, while age III fish were rhe most numercus in
1973 (Table 8). The oldest grayling in these two runs were two malas,
age VIL, that measured 45.7 and 47.0 centimeters in total iength. In
Limestone Creek most of the migrating grayling in 1973 were in age
groups 11 and III. 8Since both streams had good numbers of age LIIL
grayling migrating in 1973, it may indicate a relatively gtrong year
class was produced inm 1970,

In Alaska and nerthern Canada grayling seldom reach sexual matrurity
before age VI {Reed, 1964; Bishop, 1971). However, in the southern
portion of thelr range grayling usually mature at age 117, with a few
maturing at age 11 (Nelson, 1954; Peterman, 1972). At Elk Lake some of
the gravling were sexually mature at age 11 and made s awning runs
{Table 8). However, more age III than age 11 spawners wete prasent
each year indicating that a larger portion of the population matures

&

at age IIT.
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The growth rates of grayling, by sex, from Narrows Creek in 1972

g

funl

and 1573 and Limestons Oreek in 1973 were similar {Table 8). Jalou-

¥

lated growth rates for males and females were similar to age I. From
ages 1I-VI, however, males were 1.0-1.3 centimeters longer than females.
Reed (1964) found that immature male and female grayling had similar
growth Tates in Alaska, and that mature males grew faster than wature
females.

The average growth rate (sexes combined) from Elk Lake exceed
those found by Nelson (1954), Kruse (1959), Peterman (1972} and Brown
{1943) for other populations in this region. However, the pattern of
vapid growth the first two years of life, followed by a greatly re-
duced rate after maturity, was similar o those found by the above
authors.

The age structure was determined for 84 and 86 percemt of all cut-
throat trour, rainbow trout and rainbow trout-cutthroat trour hybrids
entering Narrows Creek in 1972 and 1973, respectively {(Table 9. Age
IV and V cutthroat trout in 1972 and 1973, respectively, dominated the
run and were predominartely hatchery fish.

Male trout of all species first became sexually mature at age II
and femals trout at age LIL. However, some females may not mature
until age IV, as indicated by the larger number of female cutthroat and
hybrid trout migrating at age IV. The highest number of rainbow fTrout

females migrated at age 111 sach vesy, which may mean they mafure sconer
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TABLE 9. ACE COMPOSITION, BY SEX, OF ADULT CUTTHROAT, RAINEBOW AND
HYBRID TROUT TRAPPED TN HARREOWS CHERE, 1977 AND 1973,
(M = male; ¥ = female)

Numbar Migratip

Age 1872 1873
Group Species ¥ F M F
Cutthroat Trout

iz & g & g
iz 3 4 Z 1z

v 36 82 5 13

v & _5 is 28
Total 49 91 28 53
Rainbow Trout

iz 3 )] i 0
i1 i 4 i 5

v 1 3 & Z

v 2 2 0 3
Total 7 9 2 16
Rainbow Trout-Cutthreat Trout Hybrids

It 2 G 4 G
11r i & 4 3

Iy 7 iz 2 7

v 3 3 & 7

VI 0 0 o 1

Total 3 21 10 20

than cutthroat or hybrid trout.

Growth rates were caloulated from scales and lengths taken from
177 cutthreat trout, 533 rainbow trout and 170 rainbow trout-curthroat
srout hybrids (Table 10). Scales were collscted duwing cvesl checks
and from spawning fish in 1972 and 1573. Since the calculsted growth
rares of raxa taken in 1872 and 1973 were similsar, dets were combined.

Hybrid trout showed the highest rate of growth, Iollowed by rainbhow
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TABLE 10. AVERAGE CALCULATED TOTAL LERGTHS AT EACH ANNULUS FOR CUT-
THROAT, RAINBOW AND HYBRID TROUT COLLECTED DURING 1872

AND 1973,
Average
Age Total Calculated Length in cm at each Anmulus
Group Number Length 1 2 3 4 5 &

Cutthroat Trout

I 5 12.2 8.4
ir 20 32.5 11.4 74.6
I11 b4 39.6 i0.4 21.3 3%.8
v &9 43.4 16.9 24,1 36.1  43.2
vV 19 47 .5 g.7 18.8 34.8 43.2 47.5
Rainbow Trout
I 4 11.7 B.4
i1 i4 33.3 8.4 27.9
111 17 4%1.1 2.1 25.4 38.9
v g 85,7 7ot 22.6 37.3  44.7
v g 48,3 6.6 16.0 33.3 43.3 48.0
Rainbow Trout-Cutthroat Trout hybrids
I i3 12.2 2.1
i1 46 35.1 8.4  29.5
IIT 55 £2.4 8.4 23.1  4g.1
v 38 48.8 8.4 23.4 40.4 48.5
v 16 5.1 7.1 18.1 38.1  456.5 5.8
vVI 1 31.3 6.1 21.8 35,3  43.5 £8.3 51.1

trout and then cutthroat trout. The higher rate of growth by hybrid
trout may be due to "hybwid vigor'. Because data from the fishermen
are included in Table 10, it does not veflect ths velative abundance

of age groups in the spawnin opulation.
P
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Egg Production
A& total of 12 gravling and 10 cutrhroat trout females were col-
lected for counts of mature eggs. Specimens were selected vandomly
within each of three size groups which spamnad the size range of the
spawning population. The range and average number of eggs per sample

group are given in Table 11,

TABLE 11. RANGE AND AVERAGE NUMBER OF MATURE EGGS PER FEMALE BY TOTAL
LENGTH GROUPS. {CI = 95% Confidence Imtervalj

Average
Length Groups Length of Humber of FEges
Species of Fish {(cm) Sample Fish {cm) Range Mean (CIL)
Arctic Gravling
29.7 to 35.5 33.3 4,600-7,5319 5,870
(4% (&,774-7,168)
35.6 to 40.5 37.6 7,805-10,634 6,162
(5) {8,122-10,202)
40.6 to 45.0 42.7 7,407-13,365 G,454
(3) {5,616-13,292)
Average 37.3 4,600-13,3565 8,170
{12) (6,822-9,518)
Cutthroat Trout
34.0 o 41.9 39.4 1,326~1,904 1,607
{33 {1,279-1,935)
42.0 to 46.9 44 .7 1,824=-2,275 2,072
(&3 {1,890~2,254)
47.0 to 506.3 47.2 1,911-2.540 2,144
{3 {1,754-2.,534)
Lverage 43.9 1.326=-2,540 1,954
{103 {1,746=2,164)

&
Sample size
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The average numbers of eggs found in the two smaller size groups
of grayling were similar to those found by other investigators In fish
of comparable length. Fifteen grayling from the Mackenzie River in
Canada having a mean total length of 38.6 centimeters averaged 9,670
eggs each (Bishop, 1%71). Brown (1938) found that nine grayling from
Rogers Lake, Montana averaging 34.7 centimeters contained an average
of 5,828 eggs. Two groups of cutthroat from nearby Henrys Lake, Idahe
with mean total lengths of 38.6 and 49.3 centimeters averaged 1,577 and
1,914 eggs, respectively (Irving, 1956). These egg counts were similar
ro the first and last sample groups collected here (Table 11}.

Potential egg production and egg deposition were estimated for
each species in Table 12. The total number of female grayling and cut-
rhroat trout in each of the three length intervals (Table 11), multi~-
plied by the average number of eggs found for that size group, gave
the number of eggs carried upstream by that group. Fotential egg pro-
duction for each species was then computed by totaling the estimated
egg production of the three size groups.

Egg deposition (Table 12) equals potentlal egg production minus
the number of eggs in fish that falled to spawn. Egg retention by
spent females was considered low enough to be disregarded in figuring
egg deposition. In 189 spent females it was found to be less than one
percent. The average number of eggs retained by each specles was

determined for grayling, cutthroat, rainbow and hybrid trout and was



TABLE 12. ESTIMATED POTENTTAL EGG PRODUCTION AND
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DEPOSITION OF

GRAYI.ING AND TROUT IN THE IRNLETS OF ELK LAKE, 1972 AND

1973, (LI = $5% Confidence Inrerval)
Mumbear o Number of
Fish Femsles Moving Potential Egg  Females fge
Inlet BSpecies Upstrean Productlon(CIi)  Spawning Deposition(CI)
Narrows 1972
Grayling 194 1,727,060 1740 1,510,638
{395,456} {+342,204)
Cutthroat 112 214,067 91 173,534
(29,782} {£23,814)
Hybrids 21 51,850 17 41,650
Rainbow i3 31,200 1z 28,800
Narrows 1573
Grayling 135 1,743,130 104 929,960
(308,378 (£165,524)
Cutithroa:t 59 117,532 53 105,493
{+14,988) (+13,540)
Hybrids 23 56,350 23 56,350
Rainbow 13 31,200 g 21,600
Limestone 1973
Grayliing 102 B4B,944 & 55,556
(£146,822) §+11,836)

11.5, 13.0, 17.6 and 4.1 eggs, respectively.

Only owoe hybrid trout were collected.

They averaged 53.6 centi-

meters in total length and contained an average of 2,717 sggs. Since

migrating hybrid females averaged only 48.3 centimetrsrs in 1972 and

1973, egg productior

was estimated by proporiion to be 2,450 eggs per

figh. Mo rainbow trout females were taken bescauss of low numbers

migrating. Rounsefell {1957} found that rainbow trout averaging 43.9
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centimerers total length comtained 2,400 eggs on the sversge. Uon this

Lo have

hasis rainbow females dn the Elk Lake Tuns were 2

in total length

i
8
o]

2,400 eggs since they aliso averaged 4£3.% centimst

{Table 12).

Production of Fry and Fingerlings
Fry
The patterns of emigration of fry leaving Narrows Creek in 1971
and 1973 are presented in Filgure 3. A total of 8,1Z0 and 4.566 fvy
were caught leaving the stream from June 22 to September 15, 1872
and from June 25 to September 12, 1%73, respectively.

A total of 618 and 2,082 gravliing fry were captured leaving the

+

H
ks
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=
£
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e
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o

inlet in 1972 and 1973, respectively. Thelr pervicds of szm
were from June 22 te Julv 4, 1%72 and from June 25 tvo July 28, 1973,
The peak number of emigrating gravling fry cccurrved 29 dave alisy the

peak upstream movements of the adult grayling in 1972 and 23 days

isrer in 1973. About 98 percent of the graviiag £

within the first 10 days of the smigration period sach

:
b=

A&

Pt

otal of 7,502 and 2,484 tyvout fry were also caught lsaving

Narrows Cresek from July 4 to September 15, 1972 and from July 7 to

£

Septewber 12, 1973, respectively. A few advancs
emigrating when the trap was removed in mid-Sepitember of each yeav.

Emigration of trout started 12 days after grayling fry begen thelr
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downstream movements each vear. The pesk of the trout fry movemenis
was 55 days after the peak upstream migration of adult trout in 1872
and 57 days later in 1973. During 1973 2 second emigration peak (Point
C, Figure 5) of trout fry occurred on August 8. This peak occurved
when there was a sharp decrease in water flow in the stresm caused by
a beaver damming the pond outlet. Benson (1960} found & similar
increase in cutthroat fryv emigrations from Arnica Creek when water
levels decreased in that stream. There seemed to be no relatiomship
between stream temperatures and the number of fry emigrating down-
stream each day.

Light appeared to inhibit the downstream movement of both
grayling and trout fry. Peak downstream movement cccurred shortly
after midnight each night. Grayling and trout fry emerging during
daylight hours gathered and remained in the quiet water along the
banks and in the slow moving water near the bottom of the stream,
respectively. During the two year study, 94.5 percent of the troul
fry and 79.6 percent of the grayling fry moved downstream betwean
8:00 p.m. and 8:00 a.m.

Weekly measurements of the length of emigrating fry ia Narrows
Creek are given in Table 13. Significant increases in the average
size of grayling and trout fry leaving the stream did not occur
until after the peak emigration period each year (Figure 5 and Table

13). Snyder and Tanner {(1960) reported this same chavacteristic in
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TABLE 13. AVERACE TOTAL LENGTH OF ¥RY COLLECTED DURING PERICDS OF
THEIR DOWNSTREAM MOVEMENT 1IN NARROWS CREEK.

1872 1973
Sampling Sample Average Total Sample Average Total
Dates Species S8ize Length {cm) Size  Length {(cm)

June 24-30 Grayling is 1.4 - e
July 1-7 " 2 1.7 2 1.8
8-14 " — e 3 2.4
22-28 " s e 7 4.2
July 8-14 Trout® 40 2.5 3 2.5
1521 " 40 2.6 4 z.6
22-28 7 22 2.6 i7 3.7
28~Aug. 4 " 4 2.8 31 3.8
Aug. 5-11 " Z 3.3 30 4.3
12-18 " e ——— 17 5.2
19-25 " 2 3.9 16 5.7
26~8ept. 1 7 e — A 6.2
Sept.2-8 Y - e 6 5.6
915 v & 5.2 3 5.7

#Includes all cutthroat, rainbow and hybrid trout fry.

their study. ZTrout fry sampled in 1373 showed a faster growth rate
than those collected in 1972. This was probably due to the smaller
number of trout fry produced in 1973, having proporticnately more food
available in the stream.

Some trout fry remained in Narrows Creek after the emigration
period each yvear. Population estimates were made on October 1, 1972
and on Qcteber 6, 1%73 to determine the nunmber of fry remaining in the
gtream. The three gample subssctions vielded a total estimate of

269230 fry vemaining dn 1972 and 217237 fyy in 1973, By expansion,
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the number of fry left in the 1.1 kilomerers of stream below the pond
was estimated at 2,747 for 1972 and 2,432 for 1973.

A few of the trour fry counted leaving the stream in 1972 may have
been produced sbove the pond. A total of 57 trout fry averagiong 3.1
centimeters were trapped leaving the pond and entering the stream below
the pond between July 23 and August 31, 1973.

Only 79 emigrating grayling fry were captured leaving Limestone
Cresk between June 29 and July 9, 1972. However, total productioen for
1972 was estimated a2t 158 fry since only half of the stream’s flow ran
through the trap. Although an estimated 55,500 grayling eggs (Table

12) were deposited in 1973, no fry were caught during trapping operations.

Fingerling

The numbers, sizes and species compositicn of fingerling trout
caught emigrating downstream in Narrows Creek from June 16 to September
14, 1972 znd from June 24 to August 27, 1973 are given in Table 14,
Additional fingerlings may have emigrated prior to fry trap instal-
lation both vears. A total of 63 fingerlings were caught moving out
of the pond to the stream below from May 17 to July 17, 1973. Since
Narrowe Oreek freezes solid in the winter, most, if not all, of the
trout fingerlings present in the stream probably come from the pond.

No fingerlings were found in Limestone Cresk.
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TABLE 14. THE SPECIES COMPOSITION, WUMBER AND S1ZE OF FINGERLING TROUT
CAUGHT EMIGRATING FROM NARROWS CREEK IN 19727 AND 1973,

1972 1973
Number Average Total Humber Average Total
Species Emigrating Length {cm} Emigrating Length {cm}
Cutthroat 57 i0.9 24 9.9
Rainbow 20 9.1 34 0.7
Hybrid 85 10.2 81 16.4
Species not
determined ili 8.1 — S
Totals 273 .9 139 10.4

Spawning Efficiency

Spawning efficiency (Snyder and Tanner, 1960; is the number of
emigrating fry produced, in percent, from the total number of mature
eggs contained in all females making the spawning tun. The estimated
spawning efficiencies computed for fish In the twe inlets of Elk Lake
are presented in Table 15. The calculated sfficlencles for grayling
in this study were at best one-twentleth ¢f those found in grayling
using the inlets of Grebe Lake (Kruse, 1959). Trout spawning
efficiencies ranged from one-half to ome-sizth of those found by other
authors. Cutthrost trout spawoing in the inlets of Trappers Lake had
spawning efficiencies averaging 6.2 percent (Snyder and Tanner, 19603 .
In experiments on cutthroat trout conducted at Convict Creek,
California, Smith (1947} found spawning efficiencies of 16 and 15 per-

cent for emigrarving frvy.
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TABLE 15. ESTIMATED SPAWNING EFFICIENCIES IN THE TWO IHLET STREAMS
TO ELK LAKE DURING 1972 ANR 1973,

Marrows Creek Limestone (reek
Year Gravling Trout® Graviing
Number of 1872 194 146 ———
females 1973 185 95 107
Potential egg 1872 1,727,080 296,657 e
production 1973 1,743,130 205,082 848,944
Number of 1972 518 7,502 s
fry 1973 2,082 2,484 )
Spawning 1972 .04 2.53 ——
efficiency 1973 0.12 1.21 0
{percent)

#Includes all cutthreat, rainbow and hybrid frout,

Physical Factoers Affecting Fry Production

The amount of water avallable to the stream during the spawning
season and the gquantiry of suitable gravel available for spawning fish
seem to significantly influence the production of fry in Narrows Cresk.
There appears to be & dirsct relationship between the amount of over-
winter precipitation and snew-water available in the apring and fry
production the following summer (Table 18) in this stream. Seversl
authors, however, have found the spposite ralationshilp ln thelr
studies. Farnes and Bulkley {1964) and Drummond and McKioney (1965}
found negarive relationships between cutthroat trout yesr-class
strength and fry production, respectively, with the amcunt of snow-

warer available. However, Drummond and McKinney {1963) postulated,
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TABLE 16. TOTAL NUMBER OF GRAYLING AND TROUT FEY FRCDUCED IN NARROWS
CREEX IN RELATION TO OVERWINTER SHOW-WATER LEVELES AND PRE-
CIPITATION TN 1971, 1972 AND 1973,

Tear
1971 1972 1973
Number of fry produced 23,374% 8,120 4,566
Precipitation (cm)
November through April## 31.3 19.7 13.3
Snow-water {cm) available
on April 1#®® 32.3 40.0 23.9

*Fry numbers reported by Petevson {(1872).

*¥%Precipitaticn measured st Red Rock Lskes Refuge, Lakeview,
16 kilemeters southwest of the study ares,
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#%EpAt station near Lakeview, Montana; Soil Conservatlon Service Repori.

from limited dara, that fry recruitment could assume a direct relation-
ship below and am inverse relaticnship above, a threshold point in

water flows.
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Narrows Cresk. Trout spawned over the eutire stves
the pond to the lake, while gravling used the lower two-thirds of zhe
section. However, in 1973 trout fry emerged only in the uppey ens-half
of the section and grayliing fry only in the middle one-thixd. HNeither
smergent trout nor grayling were found in the lower one-third section
of stream. The depth of locse spawning gravel at six sites in sach
one~third of the stream, upper, middle and lower, was 10-20, 8-13 and
0-8 centimeters, respectively. Only those sections with over 8 centi-

meters of loose gravel had successful production of fry.



DISCUSEION

The recrultment of adult gravyling and cutthroat frour is Elk Lake

appears to be controlled by the production of fry in Narrows Creek,
which seems to be dependent on the number of suitable spawning sites
available and the stream flow presenti during the spawning season. Much
of the potential frv production is presently belng lost due to the lack
)af adequate substrate for spawning in the lower opa-thizrd of Harrows
Creek and the multiple use of spawning szites in other sections of streanm
which causes dislodgement of previously lald eggs. The addivion of
suitable sized gravel at proper locations could eliminars or gresatly
reduce the lossses of production fyom both of the above factors.

1t appears a nminimum stream flow of approwimately 2.0 m?/min. is
neaded to allow adult fish access to the uppermcst spawnling areas. A
flow of a2 similar size is probably also necessary throughout the period
of incubation to sustain the Intergrave]l water flow needsd for suc~

cessful egg development. Fry production appesars to be dependen

F

on the
availability of the pravious winter's snmow-watsy. Fry production
during vears when the overwinter snow-water levels are low might be in-
creased by increasing the helghi of the existing dam at ths pond so
that seme of the early runoff could be stored and used during the later

stages of the spawning run and during dncubation.



fy] o
Limestone (reek asppears to have only marginal potential for fry
production. Low stream fiows may be a majer factor in Limiving gray-
ling reproduction, with limited production of fry cccurring only
during vears of above average spring runcff. There appears to be no

practical way of dncreasing the water flows in this streamn.
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